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Description 

[0001] The present application relates to a system for 
point-by-point measuring of spatial coordinates, as dis- 
closed in the preamble of the attached claim 1 . 
[0002] Industrial geometric measuring is carried out 
today using a number of different methods. The most 
used optical methods are: 

use of theodolites; 

photogrammetry, i.e., camera-based measuring 
where the cameras conventionally are based on 
photographic film, or more recently, are based on 
electronic sensors; 

use of laser rangefinders, where these may be 
based on the modulation of light and the detection 
of the phase of the returned beam, or on laser inter- 
ferometry. 

[0003] Modern photogrammetry systems, also known 
as videogrammetry systems, are based on video cam- 
era technique. These register the position of points in 
the form of active light sources, reflecting points or char- 
acteristics of the object to be measured (e.g., holes). 
The points may be registered simultaneously by two or 
more cameras, or they can be imaged sequentially from 
a number of different camera positions. The spatial po- 
sition of the points is calculated using mathematical 
methods which include the automatic determination of 
the position and orientation of the cameras for each in- 
dividual image, and also correction forthe cameras' lens 
errors and other factors which produce a non-ideal im- 
age. The cameras may also be p re-calibrated, i.e., cor- 
rection of the image points is based on a calibration table 
or other mathematical correction. 
[0004] Modern photogrammetry systems are market- 
ed by the Norwegian company Metronor AS, the Swiss 
company Imetric SA and the US company GSI (Geodet- 
ic Services Inc.) Metronor*s system is described in Nor- 
wegian Patents Nos. 164 946, 165 046, 169 799, 174 
025, and also Norwegian Patent Application No. 
931873. 

[0005] Metro nor's system is based on pre-calibrated 
cameras. The system is optimised in order to determine 
the position of active light sources. A measuring tool 
known as a light pen is used to mark the points that are 
to be measured. The light pen has a minimum of three 
light sources in known positions relative to its contact 
point. The coordinates of the contact point can be de- 
termined by simultaneously taking the image of the light 
sources. 

[0006] Imetric and GSI offer systems where the cam- 
eras are not pre-calibrated, but are calibrated for each 
individual measuring operation. The cameras register 
the position of retro reflector targets. These are illumi- 
nated by flash lamps mounted on the cameras. The 



companies have also developed touch tools similar to 
Metronor's light pen, where the active light sources are 
replaced by retro reflector targets. 
[0007] The photogrammetry systems determine di- 
rections in space through imaging (projection). The ac- 
curacy depends on the quality of the camera, the nature 
of the points to be measured, and in particular on the 
geometrical factors. Geometrical factors which influ- 
ence accuracy are position, density and distribution of 
measuring points, the number of cameras or images, 
and position and orientation of the cameras, and also 
whether the cameras' lens errors are pre-determined. 
[0008] The chief disadvantage of photogrammetry 
systems is that a measuring point must be registrable 
by two cameras simultaneously or in sequence by locat- 
ing a camera in at least two different positions. 
[0009] Laser rangefinders based on interferometry 
are internationally known under the product name "La- 
ser tracker". A laser tracker consists of a laser, a mirror 
system for controlling the laser, a reflector unit, distance 
and direction sensors, and a computer. The reflector 
unit, also known as a "corner cube" or prism reflector, 
reflects light back parallel to the emitted beam. The laser 
beam is steered so that it always strikes the reflector 
unit. This is accomplished in that the laser tracker con- 
tains a sensor which detects the striking point on the 
reflector unit. In general, a laser tracker registers both 
direction and distance, and hence three-dimensional 
coordinates of the measuring point. The distance is de- 
termined by interferometry. The direction is determined 
by registering the orientation of the mirrors. The dis- 
tance measurement exhibits high accuracy, whereas 
the direction is often determined with less precision. 
[001 0] Laser trackers have major disadvantages:. 

• It is difficult to steer the laser beam so that it always 
strikes the reflector unit. It is particularly difficult to 
find the beam again if it is "lost". 

• Laser trackers based on interferometry are in gen- 
eral relative, i.e., they measure difference in dis- 
tance to a reference point by counting interference 
rings. If the beam is broken, control of the number 
of interference rings is lost, and the process must 
be started again from the reference point. 

• It is only the position of the reflector unit that is de- 
termined. The orientation of the reflector unit re- 
mains unknown. In order to be able to measure a 
selected point on an object directly, the reflector unit 
must be provided with a contact point at a known 
distance from the centre thereof. The point must be 
measured repeatedly whilst the reflector unit is 
moved around the contact point when this is held 
still. 

• Accurate determination of direction requires com- 
plex and very precise mechanical solutions, and al- 
so compensation for variations in temperature and 
mechanical operation. 

• There is dependence upon clear line-of-sight be- 
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tween laser tracker and measuring point. 

[001 1] Leica and Chesapeake Lasers are among the 
companies producing laser trackers. 
[0012] Other laser rangefinders are based on the 
modulation of emitted laser light, and the detection of 
the phase of the detected light. Fine resolution requires 
a high modulation frequency to be used. In order to 
avoid ambiguity when the reflecting point is moved more 
than one modulation period, several modulation fre- 
quencies are used, and the total phase gives the abso- 
lute distance. Thus, an absolute rangefinder is obtained. 
[0013] Since a pure rangefinder only provides infor- 
mation related to the one-dimensional distance to the 
measuring point, several rangefinders must be com- 
bined in order to compute spatial position. Three dis- 
tances are necessary in order to determine three-di- 
mensional coordinates for one point. Examples of such 
systems are described in US Patent 5,305,091 . 
[0014] Routine inspection of mechanical structures is 
often based on measuring a number of fixed control 
points. This applies, for example, to production fixtures 
in the aviation industry. The control points may be made 
in the form of holes of a fixed diameter. Targets for pho- 
togrammetry, theodolite measuring or laser trackers are 
produced for these holes. Routine inspection of the 
structures involves the regular measurement of these 
points. 

[0015] In the present invention it is proposed to com- 
bine photogrammetry technology with laser distance 
and angle measuring, so that the advantages of both 
methods are used to the full, whilst their disadvantages 
are avoided. The following is thus achieved: 

high accuracy through the combination of accurate 
direction information from the camera and accurate 
distance information from the laser rangefinder; 

access to hidden points, and also geometric entities 
such as holes or cylinders so that these can be 
measured; 

simplified design of the laser, in that the camera reg- 
isters the direction to the reflector unit. 

[0016] The characterising features of the invention 
will be made apparent in the patent claims below, and 
also in the following description of the non-limiting ex- 
amples of the invention with reference to the attached 
drawings. 

[0017] Figure 1 illustrates components which are in- 
cluded in a system based on a combination of camera 
and laser rangefinder. 

[001 8] Figure 2 illustrates a touch tool having five light 
sources and a reflecting point for the laser rangefinder. 
[0019] Figure 3 illustrates a system based on one 
camera in combination with a laser rangefinder and 
touch tool. 



[0020] Figure 4 illustrates a system based on two 
cameras in combination with a laser rangefinder and a 
touch tool. 

[0021] Figure 5 illustrates a system based on one 
5 camera in combination with a laser rangefinder where 
the touch tool has reflecting points for registration of 
both camera and laser rangefinder. 
[0022] Figure 6 illustrates an arrangement where one 
camera in combination with a laser rangefinder is used 
for measuring the position of a touch tool having reflect- 
ing points, and also isolated reflecting points. Both touch 
tool and isolated reflecting points are registered by both 
camera and laser rangefinder. 

[0023] Figure 7 illustrates a principle for calibration of 
the geometric relation between position and orientation 
of camera and laser distance measurement. 
[0024] Figure 8 illustrates an integrated camera and 
laser rangefinder system. 

[0025] In the following description, and the subse- 
quent patent claims, the term "reflecting point" is used 
with regard to units located to provide unambiguous reg- 
istration by camera or laser rangefinder, in that the emit- 
ted light is reflected back to the sensor units. This com- 
prises so-called retro reflective targets or reflective tape 
produced for use with photogrammetry systems or the- 
odolites, or so-called "corner cubes" used with laser 
rangefinders. 

[0026] In the following description, and the subse- 
quent patent claims, the term "light giving means" is 
used as a collective term comprising active light sources 
(emitters) such as light emitting diodes or laser diodes, 
and reflecting points. 

[0027] The term "laser rangefinder" is used as a col- 
lective term for all types of systems based on a laser 
beam which is directed in towards a specific point in or- 
der to compute the distance to that point. This includes 
both laser interferometry techniques (laser trackers) 
and systems based on measuring the time difference 
from when a light pulse is emitted to when the reflected 
pulse is registered, or phase modulation/measurement 
or combinations of these techniques. The function of the 
system will depend upon whether the laser rangefinder 
is absolute or relative. In a relative rangefinder (for ex- 
ample, based on interferometric principles) the laser 
beam must follow the reflecting point continuously with- 
out interruption. If the laser rangefinder also contains 
precise direction determination this will be used in the 
computation of position. 

[0028] The complete system solution is shown in Fig- 
ure 1 in the form of a block diagram. The system con- 
tains a system console 1 containing a data processor 2, 
a laser rangefinder control unit 3, a camera control unit 
4 and a light source control unit 5. The system is oper- 
ated from an operator terminal 6. The system contains 
one or more cameras 7,8. These may be equipped with 
flash lamps 9, 1 0. Furthermore, the system contains a 
laser rangefinder unit 1 1 consisting of a laser and sensor 
unit 12 and mirror 13 for steering the laser beam 14 in 
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the right direction. The laser rangefinder will contain two 
mirrors mounted at right angles to one another, to ena- 
ble the laser beam to be directed in towards any point 
in space. In the figure only one of these mirrors 13 is 
outlined. The system may contain various tools for po- 
sition determination: reference rod 15 for calibration, 
light sources 16 connected to a connection box 17 for 
marking reference points, touch tool 18, also known as 
a light pen, and reflecting point 19. 
[0029] Figure 2 shows the touch tool 1 8 seen from in 
front (Fig. 2a) and seen from the side (Fig. 2b). It con- 
sists of a body 20 which is preferably produced in a tem- 
perature-resistant material in order to avoid temperature 
expansion, a plurality of light sources 21 - 25, activation 
switches 26, 27, reflecting point 28, tool adapter 29 and 
contact point 30. The minimum number of light sources 
is three. These are mounted in known coordinates rel- 
ative to a local tool-fixed coordinate system. The contact 
point 30 (reference point) can be in the form of a sphere 
or a tip. By virtue of the fact that the position of this point 
is also known relative to the local coordinate system, the 
position of the touch tool can be related to this point. In 
a special case there may be two lig ht sources , if the con- 
tact point 30 lies on a straight line through both light 
sources. The touch tool will primarily function as de- 
scribed in Swedish Patent No. 456 454, and will be ca- 
pable of having replaceable tools as described in Nor- 
wegian Patent No. 169 799. The design of the reflecting 
point will depend upon the type of laser rangefinder that 
is used. If the rangefinder requires the use of retrorflec- 
tors, e.g., comer cubes, this could be fixedly mounted, 
or could be a detachable unit which is fitted in an ac- 
companying fixing mechanism on the touch tool. 
[0030] Figure 3 shows the measuring principle when 
using one camera 7 in combination with a laser range- 
finder 11. 

[0031] The camera consists of a lens unit 33, and a 
two-dimensional array (matrix) 32 of photosensitive el- 
ements. The lens unit is an objective having standard 
spherical optics, having a focal length substantially dic- 
tated by the required visual field. The lens's optional an- 
ti-reflex coating or optical filter must be adapted to the 
spectral distribution in the light sources used. The pho- 
tosensitive elements are, for instance, of the CCD 
(Charge Coupled Device) or CID (Charge Injected De- 
vice) type. The requirements with respect to high accu- 
racy mean that matrices having maximum resolution will 
normally be used. If the speed of the system is of primary 
importance, matrices having fewer elements will be 
used. High accuracy can be ensured by using accurate 
calibration of the angle measuring device. This may for 
example be done as described in Norwegian Patent 
1 65046. The camera 7 registers a light source 21 in the 
form of the position of its image 35 on the sensor matrix 
32. 

[0032] The operator positions the touch tool 1 8 so that 
the contact point 30 touches the actual point to be reg- 
istered. The camera 7 registers the image of all light 



sources 21 - 25, and on the basis of the image the po- 
sition and orientation of the touch tool is computed as 
described in Norwegian Patent No. 174 025. At the 
same time the rangefinder 11 registers the distance to 

5 the reflecting point 28. 

[0033] The laser beam 14 is directed in towards the 
reflecting point 28 by means of mirror 13 which is con- 
trolled by motor 31 . A single mirror 1 3 is indicated in the 
figure. In order to be able to direct the beam 14 in to- 

10 wards any point in space, there will be two mirrors. One 
of them controls the horizontal adjustment of the beam, 
and the other its vertical direction. Laser and sensor unit 
12 registers the distance to the reflecting point 28. 
[0034] Information with regard to the direction from 

15 the laser rangefinder to the reflecting point is required 
in order to adjust the iaser beam. This can be obtained 
using one of the following methods: 

• Approximate values for position and orientation of 
20 the touch tool are computed on the basis of the cam- 
era image alone and this information is transferred 
to the laser rangefinder control unit 3 . 

• The laser rangefinder may contain a separate sen- 
25 sor 1 2 in order to register where the laser beam 1 4 

strikes the reflector unit. This can be used for con- 
trolling the mirrors 13. 

[0035] The registered image from the camera 7 is 
30 combined with the registered distance from the laser 
rangefinder 11 to the point 28, so that highest possible 
precision is obtained in the computed position of the 
contact point 30. If the laser rangefinder also registers 
the direction of the laser beam (as in commercially avail- 
35 able laser trackers), the registered direction is also used 
in the computation. The computation is based on com- 
pensation of errors in the observations, so that all the 
observations are used and given importance on the ba- 
sis of their accuracy. All computations are performed by 
40 the data processor 2. 

[0036] The computation of the position and orienta- 
tion of the touch tool 1 8 is based on the fact that the 
geometry, i.e., the relative position of the light sources 
21 - 25, the reflecting point 28 and the contact point 30, 
45 is known. The contact point 30 has a theoretical image 
point 36 on the sensor matrix 32. 
[0037] The computed position is initially given relative 
to position and orientation of camera and rangefinder. 
By measuring a minimum of three points in known po- 
50 sitions relative to a local coordinate system, all subse- 
quent points can be given in this coordinate system. 
[0038] An essential characteristic of the system is its 
ability to measure points which are not visible from the 
sensor system. In general, measuring systems based 
55" on cameras or laser distance measuring have a weak- 
ness in that points which are not visible cannot be meas- 
ured. When using the touch tool 18 a clear line of sight 
from the camera to the light sources 21 - 25 and from 
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the laser rangefinder 11 to the reflecting point 28 is re- 
quired. However, a clear line of sight to the contact point 
30 is not required. The location of the contact point 30 
relative to the other parts of the touch tool can be adapt- 
ed to the geometry of the object which is to be meas- 
ured. 

[0039] The system solution can be optimised in vari- 
ous ways, for instance in order to increase its total meas- 
uring accuracy or to reduce the complexity of the sys- 
tem. In general, higher accuracy is achieved by increas- 
ing the number of cameras or number of laser range- 
finders in the system. The individual laser rangefinders 
can follow the same reflecting point 28, or the touch too! 
may be equipped with a plurality of reflecting points cor- 
responding to the number of rangefinders in the system. 
[0040] If the laser rangefinder has inbuilt sensor and 
control systems to direct the laser beam 14 in towards 
the reflecting point 28, the camera and laser rangefinder 
units can work independent of one another with the ex- 
ception of the final coordinate computation which takes 
into account the observations from both units. 
[0041] Figure 4 illustrates a system based on two 
cameras 7, 8 in combination with one laser rangefinder 
1 1 and touch tool 18. Greater precision of measurement 
is achieved with this system configuration, as the touch 
tool 1 8 is observed from two different directions. The la- 
ser rangefinder 11 may be connected to one of the cam- 
eras 7, 8, or stand alone. Its position and orientation 
must be known relative to the cameras 7, 8, which can 
be done by the calibration procedure which is described 
below. 

[0042] An alternative system solution may consist of 
one camera 7 and two laser rangefinders 1 1 . If the touch 
tool has two reflecting points 28 mounted thereon, for 
example, at each end of the touch tool, the two laser 
rangefinders can each follow their respective reflecting 
point. 

[0043] A considerable rationalisation gain is achieved 
if the active light sources are replaced with reflecting 
points. These can be illuminated by a flash lamp 9 which 
is mounted on the camera 7, thereby giving a sharp im- 
age on the camera's sensor matrix 32. One or more of 
these reflecting points can be used for registering dis- 
tance. 

[0044] If the laser rangefinder is of an absolute type, 
one rangefinder can register distance to several reflect- 
ing points. This takes place in that the laser beam is di- 
rected sequentially in towards each individual point. 
[0045] Figure 5 illustrates a system based on one 
camera in combination with a laser rangefinder, where 
the touch tool has reflecting points 28, 37 - 40 for regis- 
tration by both camera and laser rangefinder. A meas- 
urement consists of the camera's flash lamp 9 illuminat- 
ing all reflecting points and the camera 7 registering their 
position. The laser rangefinder 11 registers the distance 
to one reflecting point 28 or all reflecting points. Option- 
ally several rangefinders can be used. Position and ori- 
entation of the touch tool is computed in the data proc- 
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essor 2. 

[0046] Figure 6 shows how the system in addition to 
determining the position of the touch tool 18 can also 
determine spatial position of isolated reflecting points 

5 19. This allows a rapid measurement to be made of fixed 
control points in the structure, whilst other points can be 
measured with the aid of the touch tool 18. The proce- 
dure consists of the camera's flash lamp 9 illuminating 
all reflecting targets 1 9, and the camera thus registering 

10 the direction to these. On the basis of the registered di- 
rections the mirrors 13 in the laser rangefinder 11 are 
guided so that the distance to the reflecting points 1 9 is 
determined. Registration of the position of the touch tool 
18 takes place in the same way as described above in 

15 relation to Figures 3 and 5. 

[0047] In order to be able to determine spatial position 
of the touch tool 18 and other reflecting points 19 by 
combining the observations of the camera 7 with the 
measured distances, it is necessary to know the relative 

20 position and orientation of laser rangefinder 1 1 and cam- 
era 7. Figure 7 illustrates a principle for calibration of the. 
geometric relation between position and orientation of 
camera 7 and laser rangefinder 11 , this means to say to 
determine position and orientation of the laser range- 

25 finder 1 1 relative to the camera 7. 

[0048] The calibration method consists of the simul- 
taneous determination of position and orientation of the 
touch tool 1 8 by the camera 7 and the distance from the 
laser rangefinder 11 to the reflecting point 28, and that 

30 this is done for a number of randomly selected points. 
If the system consists of only one camera 7 arid one 
rangefinder 11, additional information in the form of 
known mutual coordinates or known distance between 
some of the measured points is necessary. If camera 7 

35 and laser rangefinder 11 are permanently integrated, 
calibration can be a one-off procedure which is per- 
formed when the unit is produced. 
[0049] When steering the laser rangefinder 1 1 on the 
basis of registered directions from the camera 7, it must 

40 be taken into account that the directions are not defined 
relative to the same starting point. This can be resolved 
using the following techniques: 

• By there being nominal spatial coordinates for a re- 
45 fleeting point 1 9. Measured direction from the cam- 
era 7 is used to correct the direction of the laser 
beam 14 so that it strikes the point 1 9. 



• By combining a camera 7 and touch tool 18, the 
50 spatial position of the reflecting point 28 is deter- 
mined. If the position and orientation of the laser 
rangefinder relative to the camera are known the 
direction of the laser beam 14 is determined unique- 
ly. 

55 

• By using two cameras 7, 8 the spatial position of a 
reflecting point 1 9 is determined. If the position and 
orientation of the laser rangefinder relative to the 
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camera is known, the position of the laser beam 14 
is determined uniquely. 

• If only the direction from one camera 7 to a reflection 
point 19 is known, the laser rangefinder 11 control 
unit 3 must contain search algorithms which make 
it possible to correct for the distance between the 
camera 7 and the laser rangefinder. 

• By integrating camera and laser rangefinder so that 
the centre of rotation of the laser rangefinder's mir- 
ror 13 is on the optical axis of the camera as indi- 
cated in Figure 8. The integration is based on an 
optical path redirecting means 41, commonly 
known as a beam splitter 41 placed in the laser 
beam 14. With the aid thereof, the camera 7 looks 
along the laser beam 14, and thus sees directly the 
deviation between beam direction 14 and target 
point 28. The visual field of the camera 7 will in this 
case be determined by the geometrical relation be- 
tween camera 7, optical path redirecting means 41 
and mirror 13. The dimension of optical path redi- 
recting means 41 and mirror 13, plus the distance 
therebetween, will be limiting. The visual field of the 
camera 7 will follow the adjustment of the mirror 13, 
so that the camera 7 will always see an area around 
the laser beam 14. The total registered direction 
from the sensor unit to the touch tool or reflecting 
point will be determined by the orientation of the mir- 
ror and the position of the image on the camera's 7 
sensor. 

[0050] The precision in position determination de- 
pends upon how accurately the camera and laser range- 
finder can determine respectively direction and dis- 
tance. The accuracy of the camera depends upon 
whether it is calibrated so as to be able to correct for 
lens and sensor error. Such calibration is well-known 
within photogrammetry technique. The cameras may be 
factory-calibrated, as described for example in Norwe- 
gian Patent No. 165 046, or calibrated in a measuring 
operation. Such calibration requires either the measur- 
ing of a plurality of points from different camera posi- 
tions, or the photographing of a greater number of points 
in known mutual position from a minimum of one camera 
position. The system and the methods described above 
are not dependent upon the calibration of the camera, 
if any. 

[0051] The present invention provides the possibility 
of determining spatial coordinates for selected points 
with great precision and using simple measuring tech- 
nique. The weaknesses which encumber today's laser 
rangefinders are avoided , in particular: 

• the need not to break the laser beam; 



• the limited possibilities of measuring points where 
there is no clear view between the laser rangefinder 
and the measuring point. 

5 [0052] The measuring technique will be particularly 
well-suited for use in the automotive and aviation indus- 
tries. The checking of production equipment for welding 
together car bodies is one example. High measurement 
accuracy and measurement rate are required, whilst the 

10 production lines are complex and obstruct the clear line- 
of-sight between measuring equipment and measuring 
point. 



15 Claims 

1 . A system for point-by-point measuring of spatial co- 
ordinates, comprising at least one opto-electronic 
camera (7; 8) arranged to measure spatial direction 

20 to point-shaped light sources, and a touch tool (1 8) 
having a minimum of three point-shaped light giving 
means (21 - 25) in known local coordinates relative 
to a local tool-fixed coordinate system, and having 
a contact point (30) in known position relative to said 

25 " local coordinate system, characterized in 

that a single laser rangefinder (11) being pro- 
vided for measuring distance and optionally di- 
rection to light reflecting targets (19,28), said 
30 rangefinder having in operation a specific posi- 

tional relationship to said at least one camera. 

that one or more light reflecting points/targets 
(28) for said single laser rangefinder (1 1 ) being 
35 located on the touch tool, and 

that a data processor (2) is provided designed 
to compute the spatial position and orientation 
of said touch tool (1 8) relative to said at least 

40 one camera (7, 8) and said single rangefinder 

(11) on the basis of knowledge of the position 
of said light giving means (21 - 25) relative to 
the tool's contact point (30), the measured di- 
rections from the cameras (7, 8) to the individ- 

45 ual light giving means (21 - 25), and measured 

distance, from the laser rangefinder (11) to the 
light reflecting point /target (28), so that the po- 
sition of the tool (1 8) is referred to said contact 
point (30). 

50 

2. A system as disclosed in Claim 1 , wherein 

the data processor (2) Is designed, on the basis of 
said computation, to steer the direction of the laser 
beam so that it strikes said reflecting point/target 
55 (28) for registration of the distance thereto. 



• the difficulty of steering the laser beam to a number 3. A system as disclosed in Claim 1 or Claim 2, where- 
of different reflecting points; and ' n 
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the touch tool's (1 8) light giving means consist 
of light-reflecting targets (28, 37 - 40) in a min- 
imum number of three; and 

at least one of the cameras (7, 8) has a flash 5 
lamp (9, 10) mounted thereon for illumination 
of the light-reflecting targets (28, 37 - 40). 

4. A system as disclosed in one or more of Claims 1 - 

3 ( whereby the system comprises 10 
only a single camera (7) which is mechanically con- 
nected with said laser rangefinder (11). 

5. A system as described in Claim 1 or Claim 2, where- 
by w 
it contains means (5) for adjusting illumination time 
and intensity for each of the touch tool's light giving 
means (21 - 25) on the basis of the signal level 
which at any given time is registered by said at least 
one camera (7, 8), so that optimum signal/noise re- zo 
lation is obtained at ail times. 

6. A system as disclosed in Claims 1 - 4, wherein 

camera (7, 8) and laser rangefinder (11 ) are ar- 25 
ranged to register direction and distance to iso- 
lated light reflecting targets (19); and 

the data processor (2) is designed to steer the 2. 
rangef inder*s (1 1 ) laser beam (1 4) on the basis 30 
of the directions to the targets (19, 28) as ob- 
served from the cameras (7, 8). 

7. A system as disclosed in Claims 1 - 6, wherein the 
single camera (7) and the single laser rangefinder 35 
(11) are built as one unit, said unit further including 3. 
a rotatable mirror 

and an optical path redirecting means, whereby the 
optical path of view of said camera and the optical 
path of the laser rangefinder laser beam are along *o 
a first common optical axis between the redirecting 
means and the mirror, and along a second common 
axis between the mirror and said targets 

45 

Patentanspriiche 4. 

1 . System zum Messen von Raumkoordinaten Punkt- 
fur-Punkt, mit mindestens einer optoelektronischen 
Kamera (7,8), die angeordnet ist, urn eine Raum- so 
richtung zu punktformigen Lichtquellen zu messen, 5. 
und einem Tastwerkzeug (18), das ein Minimum 
von drei punktformigen lichtgebenden Einrichtun- 
gen (21-25) in bekannten Ortskoordinaten bezug- 
lich einem werkzeugfesten Ortskoordinatensystem 55 
und einen Kontaktpunkt (30) in einer bekannten Po- 
sition bezuglich des Ortskoordinatensystems auf- 
weist, dadurch gekennzeichnet, 



daB ein einzelner Laser-Entfernungsmesser 
(1 1) zum Messen des Abstands und wahlweise 
der Richtung zu lichtreflektierenden Zielen 
(19,28) bereitgestellt ist, wobei der Entfer- 
nungsmesser im Betrieb eine speziflsche Posi- 
tionsbeziehung zu der mindestens einen Ka- 
mera aufweist, 

- daB ein oder mehrere lichtreflektierende Punk- 
te/Ziele (28) fur den einzelnen Laser-Entfer- 
nungsmesser (11) an dem Tastwerkzeug posi- 
tioniertsind, und 

- daB eine Datenverarbeitungsein richtung (2) 
bereitgestellt ist, die ausgelegt ist, urn die 
Raumposition und Aus richtung des Tastwerk- 
zeuges (18) bezuglich der mindestens einen 
Kamera (7,8) und dem einzelnen Entfemungs- 
messer (11) auf der Grundlage des Wissens 
der Position der lichtgebenden Einrichtungen 
(21-25) bezuglich des Werkzeug-Kontaktpunk- 
tes (30), der gemessenen Richtungen von der 
Kamera (7,8) zu den einzelnen lichtgebenden 
Einrichtungen (21-25) und dem gemessenen 
Abstand von dem Laser-Entfernungsmesser 
(11) zu dem lichtreflektierenden Punkt/Ziel (28) 
zu berechnen, so daB die Position des Werk- 
zeugs (1 8) auf den Kontaktpunkt (30) bezogen 
ist bzw. wird. 

System gemaB Anspruch 1 , bet dem die Datenver- 
arbeitungseinrichtung (2) ausgelegt ist, auf der 
Grundlage der Berechnung die Richtung des Laser- 
strahls zu lenken, so daB dieser auf den reflektie- 
renden Punkt/Zie! (28) zum Aufzeichnen des Ab- 
standes dahin auftrifft. 

System gemaB Anspruch 1 oder 2, bei dem 

die lichtgebende Einrichtungen des Tastwerk- 
zeuges (18) aus mindestens drei lichtreflektie- 
renden Zielen (28,37-40) bestehen; und 
mindestens eine der Kameras (7,8) eine Blitz- 
lichtlampe (9,10) aufweist, die auf dieser zur 
Beleuchtung der lichtreflektierenden Ziele 
(28,37-40) angebracht ist. 

System gemaB einem oder mehrerer der Anspru- 
che 1 -3, womit das System nur eine einzige Kamera 
(7) umfaBt, die mit dem Laser-Entfernungsmesser 
(4) mechanisch verbunden ist. 

System gemaB Anspruch 1 oder 2, womrt es eine 
Einrichtung (5) zum Einstellen der Beleuchtungs- 
zeit und - intensitat fur jede der lichtgebenden Ein- 
richtungen (21-25) des Tastwerkzeuges auf der 
Grundlage des Signatpegels enthalt, der zu jeder 
vorgegebenen Zeit von der mindestens einen Ka- 
meras (7,8) aufgezeichnet wird, so daB das optima- 
le Signal/Rausch-Verhaltnis zu alien Zeiten erhal- 
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ten wird. 

6. System gemaB Anspruchen 1-4, bei dem 

die Kamera (7,8) und der Laser-Entfernungs- 5 
messer (11) angeordnetsind, um Richtung und 
Entfernung zu isolierten lichtreflektlerenden 
Zielen (19) aufzuzeichnen; und 
die Datenverarbeitungseinrichtung (2) ausge- 
legt ist, um den Laserstrahl (14) des Entfer- 10 
nungsmessers (11) auf der Grundiage der 
Richtungen zu den Zielen (19,28), wie von den 
Kameras (7,8) beobachtet, zu lenken. 

7. System gemaB Anspruchen 1-6, bei dem die ein- 15 
zelne Kamera (7) und der einzelne Laser-Entfer- 
nungsmesser (11) als eine Einheit aufgebaut sind, 
wobei die Einheit ferner.einen drehbaren Spiegel 
und eine Neu-Ausrichtungs-Einrichtung fur den op- 
tischen Pfad umfaBt, womit der optische Pfad der 20 
Sicht der Kamera und der optische Pfad des Laser- 
Entfernungsmesser-Laserstrahls entlang einer er- 
sten gemeinsamen optischen Achse zwischen der 
Umleitungseinrichtung und dem Spiegel und ent- 
lang einer zweiten gemeinsamen optischen Achse 25 
zwischen dem Spiegel und den Zielen sind. 



Revendications 



1 . Systeme de mesure point-a-point de coordonnees 
spatiales, comportant 

au moins une camera optoelectronique (7, 8) 
disposee pour mesurer la direction spatiale 
dans laquelle setrouvent des sources lumineu- 
ses ponctuelles, et 

un outil tactile (1 8) comportant un minimum de 
trois moyens lumineux (21-25) ponctuels qui 
possedent des coordonnees locales connues 
par rapport a un systeme de coordonnees local 
fixe a I'outil, et un point de contact (30) qui se 
trouve dans une position connue par rapport 
audit systeme de coordonnees local, 

caracterise en ce que : 

un telemetre laser (1 1 ) est fourni pour mesurer 
la distance et, de facon optionnelle, la direction 
dans laquelle se trouvent des cibles reflechis- 
sant la lumiere (19, 28), ledit telemetre ayant 
en fonctionnement une relation de position spe- 
cifique a lad'rte camera, 
un ou plusieurs points cibles reflechissant la lu- 
miere (28) pour ledit telemetre laser (11) est lo- 
calise sur I'outil tactile, et 
un processeur de donnees (2) est concu pour 
calculer la position et Porientation spatiales du- 



dit outil tactile (1 8) par rapport a ladite au moins 
une camera (7, 8) et par rapport audit telemetre 
(11) sur la base de la connaissance de la posi- 
tion desdits moyens lumineux (21-25) par rap- 
port au point de contact (30) de I'outil, des di- 
rections mesurees entre ies cameras (7, 8) et 
les moyens lumineux (21-25) individuels et de 
la distance mesuree entre le telemetre laser 
(11) et le point/cible reflechissant la lumiere 
(28), de sorte que la position de I'outil (18) soit 
determinee par rapport audit point de contact 
(30). 

2. Systeme selon la revendication 1, caracterise en 
ce que 

le processeur de donnees (2) est concu, sur la 
base dudit calcul, pour modifier la direction du 
faisceau laser de maniere a ce qu'ii tombe sur 
ledit point/cible reflechissant (28) pour determi- 
ner la distance a laquelle II se trouve. 

3. Systeme selon la revendication 1 ou 2, caracterise 
en ce que 

les moyens lumineux de I'outil tactile (1 8) com- 
prennent des cibles reflechissant la lumiere 
(28, 37-40) au nombre minimal de trois, et 
- au moins Tune des cameras (7, 8) comporte 
une lampe flash (9, 10) monteesurcelle-ci pour 
eclairer les cibles reflechissant la lumiere (28, 
37-40), et en ce que. 

4. Systeme selon Tune quelconque des revendica- 
35 tions 1 a 3, caracterise en ce qu'il comprend une 

seule camera (7) qui est mecaniquement connec- 
tee avec ledit telemetre laser. 

5. Systeme de mesure point-a-point selon la revendi- 
40 cation 1 ou 2, caracterise en ce que : 

il contient des moyens (5) pour ajuster le temps 
d'eclairage et Pintensite de chacun des moyens 
lumineux (21 -25) de I'outil tactile sur la base du 
45 niveau de signal qui, a un instant donne quel- 

conque, est detecte par les cameras (7, 8), de 
sorte qu'une relation signal/bruit optimale soit 
obtenue a tout instant. 

so 6. Systeme selon Pune quelconque des revendica- 
tions 1 a 4, caracterise en ce que 

la camera (7, 8) et le telemetre laser (11) sont 
disposes pour determiner la direction dans la- 
55 quelle se trouvent des cibles reflechissant la lu- 

miere (1 9) isolees, ainsi que leur distance, et 
le processeur de donnees (2) est concu pour 
orienter le faisceau laser (1 4) du telemetre (1 1 ) 
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sur la base des directions dans lesquelles se 
trouvent les cibles (1 9, 28) telles qu'observees 
par les cameras (7, 8). 

Systeme selon Tune quelconque des revendica- 5 
tions 1 a 6, caracterise en ce que la camera (7) et 
le telemetre laser (1 1 ) sont assembles en une seule 
unite, ladite unite comprenant un mlroir rotatif et des 
moyens pour diriger un trajet optique, de sorte que 
le trajet optique de vision de ladite camera et le tra- 10 
jet optique du faisceau laser du telemetre laser sont 
le long d'un premier axe commun entre les moyens 
pour diriger un trajet optique et le miroir et le long 
d'un second axe commun entre le miroir et lesdites 
cibles. 15 
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